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The asymmetric unit of the title compound, C 15 H 15 N 3 , 
contains two crystallographically independent molecules with 
very similar geometries. The imidazole and indenyl planes are 
approximately orthogonal, making dihedral angles of 88.21 (9) 
and 83.08 (9)%deg; in the two independent molecules. In the 
crystal, the imidazole units are linked by N— H- ■ -N hydrogen 
bonds into chains parallel to the 101) plane stretched in the 
diagonal direction [translation vector (1,1,0); C(4) motif]. 
Within a chain, there are two types of symmetrically non- 
equivalent alternating H-bonds which slightly differ in their 
parameters. 

Related literature 

For the structural parameters of 3-organyl substituted 1H- 
indenes (organic structures only), see: Sun et al. (2010) and 
references cited therein. For the structural parameters of 2- 
organyl-l//-imidazoles (organic structures only, not bi- or 
oligocyclic, non-ionic, recent publications only), see: Lassalle- 
Kaiser et al. (2006). For the structural parameters of Li, Ti, and 
Zr complexes derived from l//-imidazol(in)-2-yl side-chain- 
functionalized cyclopentadienes see: Krut'ko et al. (2006); Nie 
et al. (2008); Wang et al. (2009); Ge et al. (2010). For the 
structural parameters of l//-imidazol(in)-2-yl side-chain- 
functionalized 3-substituted l/Z-indene and Li-indenide, see: 
Sun et al. (2009, 2010). For graph-set notation, see: Etter et al. 
(1990); Bernstein et al. (1995). For a description of the 
Cambridge Structural Database, see: Allen (2002). For 
preparation of 2-(l//-inden-3-yl)ethanamine, see: Winter et al. 
(1967). 




Experimental 

Crystal data 

Ci 5 H 15 N 3 
M, = 237.30 
Orthorhombic, P2j2j2j 
a = 5.8827 (5) A 
b = 8.3326 (7) A 
c = 51.909 (4) A 

Data collection 

Bruker SMART APEXII 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
7mi„ = 0.973, r mM = 0.990 

Refinement 

R[F 2 > 2a(F 2 )] = 0.044 

wR(F 2 ) = 0.113 

S = 1.03 

2939 reflections 

333 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2544.5 (4) A 3 
Z = 8 

Mo Ka radiation 
li = 0.08 mm -1 
T = 296 K 

0.36 x 0.22 x 0.14 mm 



13315 measured reflections 
2939 independent reflections 
2328 reflections with I > 2a(I) 
R in . = 0.041 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.14 e A~ 3 

Ap mi „ = -0.21 e A~ 3 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


NL4-HM- ■ N2B 


0.80 (4) 


2.16 (4) 


2.935 (4) 


162 (4) 


N1B-H1B- ■ ■N2A i 


0.92 (4) 


2.10 (4) 


3.006 (4) 


170 (3) 



Symmetry code: (i) x — l,y + 1, z. 

Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008) and OLEX2 (Dolomanov et al, 2009); 
software used to prepare material for publication: SHELXTL and 
OLEX2. 
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2-{(£)-7V-[2-(m-Inden-3-yl)ethyl]iminomethyl}-l//-imidazole 
Z. Li, C. Tian, W. Nie and M. V. Borzov 

Comment 

l//-Imidazol(in)-2-yl side -chain functionalized cyclopentadiene-type (Cp) ligands were introduced into the organometallic 
chemistry, and, particularly into that of the Group 4 transition metals, not long ago (Krut'ko et ah, 2006; Nie et ah, 2008; 
Wang et ah, 2009; Sun et al., 2009; Sun et al, 2010; Ge et al, 2010). All these compounds are usually considered to 
be prospective precursors for catalytic systems capable to effectively polymerize ethylene and a-olefins. However, in all 
of these previously reported ligands, the Cp- and imidazol-2-yl groups are linked by a Ci- or C2-hydrocarbon bridge. 
Incorporating into the bridge another heteroatom groups capable of coordination towards a metal centre presents, this way, 
a logical step forward in the ligand design development. This contribution reports the first structural characterization of a 
potent tridentate ligand of the type where Cp- (l//-inden-3-yl) and l//-imidazol-2-yl groups are connected with a bridge 
with a C=N imino-function. 

The achiral title compound, C15H15N3, 1, was prepared by a condensation reaction of 2-(l//-inden-3-yl)ethanamine and 
l//-imidazol-2-carbaldehyde. It crystallizes in a chiral space group P2\l\l\, with the c-axis of the lattice being very long 
comparatively to the others [51.909 (4) A]. The asymmetric unit of I is presented by two crystallographically independent 
molecules with very close geometries (see Fig. 1). Imidazole moieties of the asymmetric unit are linked by NH-N hydrogen 
bonds and the units assemble in chains parallel to aOb plane stretched in the diagonal direction [translation vector (-1,1,0); 
C(4) motif; see Fig. 2]. Within a chain, these hydrogen bonds slightly alternate (see Table). 

Both indenyl groups are planar within 0.03 A and nearly parallel one to each other [interplane angle 1.44 (6)°]. Within 
the independent molecules, the imidazole and indenyl r. m. s. planes are approximately orthogonal [interplane angles 88.21 
(9) and 96.92 (9)°]. However, the imidazole rings in the units form a noticible interplane angle [7.43 (11)°] what could be a 
result of their mutual hydrogen binding. The same binding could also be a reason of noticible twisting of the C=N fragments 
in respect to the imidazole ring planes [torsion angles 7.5 (4) and 7.3 (4)°]. 

Analysis of the Cambridge Structural database [CSD; Version 5.27, release May 2009; Allen, 2002; 317 entries, 483 
fragments] reveals that the observed C= N distances in I [ 1 .25 1 (4) and 1 .253 (4) A] are close to the median value for C=N 
bond in Schiff bases derived from primary aliphatic amines and aromatic (and/orheteroaromatic) aldehydes (1.27 A). As for 
the l//-inden-3-yl and l//-imidazol-2-yl groups, all the bond lengths and angles are within normal ranges (for references, 
see Related literature section). 

Experimental 

Methanol was refluxed with Mg powder until the metal dissolved and then distilled from over Mg(OMe)2- l//Tmidazol-2- 
carbaldehyde was purchased from Fluka. 2-(l//-inden-3-yl)ethanamine was prepared as described by Winter et al, 1967 '. 

Compound I: Solutions of 2-(l//-inden-3-yl)ethanamine (1.56 g, 10 mmol) and l//-imidazol-2-carbaldehyde (0.96 g, 10 
mmol) in anhydrous methanol (total amount 20 ml) were mixed under stirring at 253 K, the reaction mixture was kept at this 
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temperature for 6 h and then cooled down to 233 K. The solution was removed from the wthite thin-crystalline precipitate 
with a canula. The precipitate was washed with small portions of cold diethyl ether and dried on the high-vacuum line what 
gave 1.85 g (78%) of I. Single crystal of I suitable for the X-ray diffraction analysis was prepared by re-crystallization from 
anhydrous methanol (slow evaporation, ambient temperature). 

Refinement 

Non-H atoms were refined anisotropically. All H atoms except of the ones located at nitrogen atom of the imidazole groups 
were treated as riding atoms with distances C— H = 0.97 (CH 2 ), 0.93 A (C Ar H), and (7 iso (H) = 1.2 t/ eq (C), and 1.2 U eq (C), 
respectively. H atoms at N atoms were found from the difference Fourier synthesis and refined isotropically. Despite of the 
fact that an achiral compound I crystallizes in a chiral space group P2(l(l\, neither the absolute structure determination 
nor approval of the inversion twinning was possible due to evident reasons (Mo-Ka radiation with no atoms heavier than 
nitrogen). Thus, the refinement for I was preformed with the Friedel opposites merged (MERG 3 instruction). 



Figures 




Fig. 1. Asymmetric unit of the compound I with labelling and thermal ellipsoids at the 50% 
probability level. Hydrogen bond is depicted as a dashed line. 



Fig. 2. Chain-assembling of the molecules of I. Prospective view along c-axis. Only atoms 
participating in the hydrogen bond formation are labeled. Hydrogen bonds are depicted as 
dashed lines. 



2-{(f)-iV-[2-(1H-lnden-3-yl)ethyl]iminomethyl}-1H- imidazole 



Crystal data 
C 15 H 15 N 3 
M r = 237.30 
Orthorhombic, P2\2\2\ 
Hall symbol: P 2ac 2ab 
a = 5.8827 (5) A 
6 = 8.3326 (7) A 
c = 51.909(4) A 
V= 2544.5 (4) A 3 
Z=8 



^(000) = 1008 

D x = 1.239 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 8457 reflections 

6 = 2.4-28.2° 

H = 0.08 mnT 1 
7=296K 
Block, colourless 
0.36 x 0.22 x 0.14 mm 
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Data collection 



Bruker SMART APEXII 
diffractometer 

Radiation source: fine-focus sealed tube 
graphite 

Detector resolution: 8.333 pixels mm" 1 
cp and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r min = 0.973, T max = 0.990 
13315 measured reflections 



2939 independent reflections 

2328 reflections with / > 2o(7) 
^,= 0.041 

e max = 26.o°, e mm = 2.4° 

h = -7^5 
£ = -10^10 
/= -64^61 



Refinement 

Refinement on F 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.044 

wR(F 2 ) = 0.113 

S= 1.03 

2939 reflections 
333 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 (F„ 2 ) + (0.057P) 2 + 0.4576P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 
Ap max = 0.14eA~ 3 
Ap min = -0.21 eA~ 3 



Special details 

Experimental. — NMR spectra were recorded on a Varian INOVA-400 instrument in CDCI3 at 298 K. For 1 H and '^{'H} spectra, 
the TMS resonances (Sh = 0.0 and 8c = 0.0) were used as internal reference standards. — Chromato-mass spectrum was measured on 
Agilent 6890 Series GC system equipped with HP 5973 mass-selective detector. — [ H NMR: 5 = 2.93 (m, 2 H, Indenyl— CH 2 ), 3.34 
(m, 2 H, CH 2 in indene), 3.95 (m, 2 H, NCH 2 ), 6.27 (m, 1 H, C=CH in indene), 7.15 (br s, 2 H, HC=CH in imidazole), 7.21, 7.30, 
7.38, 7.46 (all m, all 1 H, CH in benzene ring of indene), 8.22 (m, 1 H, HC=N). — 13 C{ 1 H} NMR: 6 = 29.02 (Indenyl— CH 2 ), 37.78 
(NCH 2 ), 59.13 (CH 2 in indene), 118.70 (= CH in indene), 118.23, 130.60 (both br, HC=CH in imidazole), 123.79, 124.68, 125.98, 
129.24 (CH in benzene ring of indene), 141.38 (=C in indene), 144.24, 144.88 (C in benzene ring of indene), 152.86 (HC=N). — EI 
MS (70 eV) m/z (%): 237 (8) [M], 141 (9) [benztropilium], 128 (28) [benzpentafulvene], 115 (13) [indenilium], 109 (100) [C5H7N3], 
108 (36) [C 5 H 6 N 3 ], 82 (25) [C 4 H 6 N 2 ], 81 (82) [C4H5N2]. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 
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factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TJ- *ITJ 
^iso ' ^eq 


N1A 


0.6784 (5) 


0.2550 (3) 


0.62194 (4) 


0.0481 (6) 


H1A 


0.616(7) 


0.334 (5) 


0.6273 (7) 


0.092 (15)* 


N2A 


0.9145 (4) 


0.0506 (3) 


0.61856 (4) 


0.0490 (6) 


N3A 


0.9748 (5) 


0.3849 (3) 


0.66146 (4) 


0.0510(6) 


CIA 


0.8760 (5) 


0.1896 (3) 


0.63011 (5) 


0.0439 (7) 


C2A 


0.5871 (6) 


0.1520 (4) 


0.60450 (5) 


0.0549 (8) 


H2A 


0.4512 


0.1645 


0.5956 


0.066* 


C3A 


0.7330 (5) 


0.0284 (4) 


0.60277 (5) 


0.0534 (8) 


H3A 


0.7125 


-0.0604 


0.5922 


0.064* 


C4A 


1.0258 (5) 


0.2616(4) 


0.64897 (5) 


0.0478 (7) 


H4A 


1.1664 


0.2141 


0.6519 


0.057* 


C5A 


1.1416(6) 


0.4457 (4) 


0.67957 (5) 


0.0556 (8) 


H5AA 


1.1685 


0.5587 


0.6762 


0.067* 


H5AB 


1.2841 


0.3889 


0.6772 


0.067* 


C6A 


1.0601 (5) 


0.4243 (4) 


0.70698 (5) 


0.0510(8) 


H6AA 


0.9112 


0.4731 


0.7086 


0.061* 


H6AB 


1.0437 


0.3105 


0.7104 


0.061* 


C7A 


1.2152 (5) 


0.4959 (3) 


0.72690 (5) 


0.0407 (6) 


C8A 


1.4034 (5) 


0.5814 (4) 


0.72351 (5) 


0.0518 (7) 


H8A 


1.4662 


0.6050 


0.7075 


0.062* 


C9A 


1.5019(6) 


0.6351 (4) 


0.74873 (7) 


0.0600 (8) 


H9AA 


1.6560 


0.5959 


0.7509 


0.072* 


H9AB 


1.5016 


0.7512 


0.7501 


0.072* 


C10A 


1.3448 (5) 


0.5610(3) 


0.76792 (5) 


0.0463 (7) 


C11A 


1.1729 (5) 


0.4801 (3) 


0.75462 (5) 


0.0393 (6) 


C12A 


1.0062 (5) 


0.3973 (3) 


0.76790 (5) 


0.0500 (7) 


H12A 


0.8936 


0.3419 


0.7590 


0.060* 


C13A 


1.0092 (7) 


0.3980 (4) 


0.79442 (5) 


0.0621 (9) 


H13A 


0.8967 


0.3441 


0.8036 


0.074* 


C14A 


1.1783 (7) 


0.4783 (5) 


0.80745 (6) 


0.0680 (10) 


H14A 


1.1796 


0.4766 


0.8254 


0.082* 


C15A 


1.3455 (7) 


0.5612 (4) 


0.79457 (6) 


0.0654 (10) 


H15A 


1.4572 


0.6164 


0.8036 


0.078* 


NIB 


0.2511 (4) 


0.7865 (3) 


0.62860 (4) 


0.0468 (6) 


H1B 


0.143 (6) 


0.860 (4) 


0.6239 (6) 


0.071 (11)* 


N2B 


0.4626 (4) 


0.5689 (3) 


0.62951 (4) 


0.0510(6) 


N3B 


-0.0309 (5) 


0.6341 (3) 


0.59023 (4) 


0.0513 (6) 


C1B 


0.2802 (5) 


0.6370 (4) 


0.61924 (5) 


0.0443 (7) 


C2B 


0.4232 (5) 


0.8149 (4) 


0.64549 (5) 


0.0541 (8) 


H2B 


0.4474 


0.9081 


0.6549 


0.065* 


C3B 


0.5514(5) 


0.6812 (4) 


0.64584 (5) 


0.0527 (8) 


H3B 


0.6816 


0.6673 


0.6557 


0.063* 
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0.076* 




C14B 


-0.3317(6) 


0.5201 (4) 


0.44599 


(6) 


0.0642 (9) 




H14B 


-0.3437 


0.5154 


0.4281 




0.077* 




C15B 


-0.4900 (6) 


0.4426 (4) 


0.46121 


(6) 


0.0578 (8) 




H15B 


-0.6085 


0.3854 


0.4537 




0.069* 




Atomic displacement parameters 


(A 2 ) 












U n 


j j 22 
u 


,,33 
U 


u n 


U u 


rr 23 
u 


N1A 


0.0537 (16) 


A A/1 71 (~\ C\ 

U.U4 13 (1 J) 


A A/1 11 / 1 

U.U431 (,1ZJ 


0.0049 (13) 


-0.0006 (12) 


A AA17 n 1\ 

U.UU3Z (1 1 ) 


N2A 


0.0555 (15) 


A AC 1 A (\ A \ 

U.UJ 1U (14) 


A A/1 AC / 1 1 \ 

U.U4UJ yv 1 J 


0.0040(13) 


-0.0006 (11) 


A AA7 1 / 1 1 \ 

U.UU / I (1 1 ) 


N3A 


0.0610(16) 


A ACCO (\ C\ 

U.U J Jo (1 J) 


A A1/C1 ^1 A\ 

U.U3ol y\-\J) 


0.0018(14) 


-0.0071 (12) 


A AA 1 A fll\ 

U.UU14 (1 1 ) 


CIA 


0.0502 (16) 


A A/1 /CI /i £\ 

U.U403 (10) 


A A1CT /I 0\ 

U.U3JZ ^IZJ 


0.0020 (14) 


0.0010(13) 


A AA/1 0 (\ T\ 

U.UU4Z ^IZJ 


C2A 


0.0556 (18) 


A A/CA /''>\ 

U.UOU (Z) 


A A/1 Ql (~\ C\ 

U.U4y3 (1 Jj 


-0.0018 (17) -0.0098 (15) 


A AAT7 (\ A\ 

U.UUZ / (,14J 


C3A 


0.0610(18) 


A AC/C7 /I Q\ 

u.ujo / (iy) 


A A/1 TC n /1\ 

U.U4ZJ (14J 


-0.0020 (17) -0.0021 (14) 


A AAQ7 (\A\ 

u.uuyz (i4j 


C4A 


0.0515 (17) 


A AC 1 /C /I 7\ 

U.UJ Id (1 / ) 


A A/1 A/1 (\X\ 

U.U4U4 y\-3) 


0.0030(15) 


-0.0016(14) 


A AA7/1 (\ 1\ 

U.UUZ4 y\-3) 


C5A 


0.0615 (19) 


A AC 7 

U.UJ / (Z) 


A A/1 OO / 1 C\ 

U.U4oo yi-~>) 


-0.0048(17) -0.0009 (15) 


A AAC/C (\ A\ 

U.UU JO ^ 14J 


C6A 


0.0495 (17) 


a a/;a /">\ 
U.UOU (Z) 


A A/1 ( 1 1A 

U.U4Zy (13J 


-0.0078 (16) -0.0047 (13) 


A AAC1 (\ 1\ 

U.UUJ3 (13J 


C7A 


0.0378 (14) 


A A1CQ /I a\ 

U.U3 jy (14) 


a A/i oc n >1\ 
U.U4oJ (14J 


0.0015(13) 


-0.0039 (12) 


A AAA/C ^1 T\ 

U.UUUO (1ZJ 


C8A 


0.0460 (16) 


a ac i /; no\ 
U.UJ Id (lo) 


A AC7Q (~\ C\ 

U.UJ lo y 1 


-0.0050(15) -0.0026 (14) 


A AA/Z 7 /I /1\ 

u.uuoz y\-4) 


C9A 


0.0421 (15) 


A A/1A7 /'I 7\ 

u.u4y / (i i ) 


A AOO /">\ 

U.Uoo (Z J 


-0.0053 (15) -0.0163 (16) 


A AAAC / 1 /C\ 

— U.UUUj (loj 


C10A 


0.0431 (15) 


A A177 ^1 C\ 
U.U3 / / (1 J) 


A ACOT 

U.UjoZ yio) 


0.0068 (14) 


-0.0153 (14) 


A AAAC ( \1\ 

— u.uuyj (13) 


C11A 


0.0414(15) 


A Al n /I -5\ 

U.U3 1Z (13) 


A A/1 CI /I 1\ 

U.U4J3 y\-3) 


0.0047 (12) 


-0.0065 (12) 


A AAl A (\ 1 \ 

U.UU3U (11) 


C12A 


0.0539 (17) 


A A /I T A / 1 /C\ 

U.U43V (lo) 


A A C 1 1 ( 1 ^ 

U.UjZI (1j) 


-0.0039 (15) -0.0037 (15) 


A AAAT /I T\ 

-U.UUUZ (13) 


C13A 


0.076 (2) 


0.062 (2) 


0.0486 (15) 


0.007 (2) 


0.0017(17) 


0.0053 (15) 


C14A 


0.088 (3) 


0.072 (2) 


0.0447 (16) 


0.022 (2) 


-0.0061 (18) 


-0.0082 (16) 


C15A 


0.073 (2) 


0.060 (2) 


0.0635 (19) 


0.010 (2) 


-0.0289 (18) 


-0.0162(17) 


NIB 


0.0498 (15) 


0.0462 (14) 


0.0445 (12) 


0.0052 (13) 


-0.0047 (12) 


-0.0026(11) 


N2B 


0.0510(15) 


0.0540 (15) 


0.0480 (12) 


0.0078 (13) 


0.0008 (12) 


0.0008 (12) 



sup-5 



supplementary materials 



MID 


a A/c n n c\ 

u.uo iz ( i j) 


A AC/1/1 /I C\ 

U.U344 (1 ->) 


A AQO/I (\ 1 \ 

U.U354 (11) 


A AA77 (\ A\ 

U.UUZZ (14) 


A AA/1 O ( 1 7\ 

U.UU4Z (1Z) 


A AA/1 Q 1 1 \ 

u.uu4y (ii) 


i r> 
Clr5 


U.U4S4 (lo) 


A A/1 £') /I /C~\ 

U.U40Z (10) 


a nioi /i 
U.U35Z (1Z) 


A AA II (\ A\ 

U.UU13 (14) 


A AAQI /I 1\ 

U.UU33 \i~>) 


a Ann7 ^1 1\ 

U.UUU / (1Z) 


CZr5 


U.Ujoj (iy) 


a ac^ta / 1 Q\ 

u.ujou (iy) 


A A/1QO f 1 C\ 

U.U49o (1 D) 


A AA71 (\ n\ 
U.UU /3 (1 /) 


A AAQ 1 /I C\ 

U.UUol (l->) 


A AA7Q (\ A \ 

U.UU fo (14) 


C3r> 


A A/] QC /I T\ 

U.U4yj {if) 


U.UOZ (Z) 


A A/1 (LA (\ C\ 

U.U404 (13) 


a aaa/; £\ 
U.UUUO (10) 


A AA71 i"\ A\ 

U.UU / I (14) 


A AA 1 C (\ A\ 

U.UU 1 J (14) 


C4r5 


a a^ia n o\ 
U.U03U (lo) 


A A/1 1 1 /I C\ 

U.U4 13 (1 ->) 


U.U3 /0 ( 1 3) 


A AA 11 nc\ 

U.UU 11 (1 J) 


A AA 1 7 / 1 IN 

U.UU 1Z (13) 


A AA7/C /I 7~\ 

U.UUZO (1Z) 


Cj£> 


A A/C II no\ 

u.uoi3 (iy) 


A A/CI f")\ 

U.U03 (Z) 


A A/1 Q/C (~\ C\ 

U.U4oO (1 J) 


A A1 1Q (~\ Q\ 

u.uizy (lo) 


A AA77 (~\ C\ 

U.UU 11 (13) 


a Ann7 ^1 
U.UUU / (14) 


Cor> 


A A C AA (\ n\ 
U.UjUU {if) 


U.UjO / (loj 


A A/1 /I 1\ 

U.U4ZZ (13) 


A AA/1 c n c\ 

U.UU43 (l->) 


A AA/17 /I 1\ 

U.UU4Z (13) 


A AA1 A (\ X\ 

U.UU3U (13) 


r'7D 
C/D 


A A/1 A/1 (\ A\ 

U.U4U4 (14) 


A AT A/C /I C\ 
U.U3VO (1 j) 


A A/1 /IT /1 1\ 

U.U44Z (13) 


A AA 17 / 1 1\ 

U.UU1 / (13) 


A AATC (\ 7\ 

U.UUZj (1Z) 


U.UU34 (1Z) 


ryn 
Co£5 


A AC 11 

U.Uj 11 {if) 


A AC/1 O (\ Q\ 

U.U34Z (1 o) 


A ACQT /I C\ 

U.U33Z ( 1 J) 


A AA/1 A (\ f\ 

U.UU44 ( 10) 


A AA 1 (L (~\ A\ 

U.UU10 (14) 


A AA1Q (\ A\ 

U.UU3y (14) 


CVr> 


A A/111 f~\ &\ 

U.U413 (lo) 


A AC 1 c n o\ 
U.Uj3j (lo) 


a A*m /'i o\ 
U.U 1 51 (ly) 


— U.UUoo (1 j) 


A AA/^A (\ C\ 

— U.UUoU (1 j) 


— u.uuy3 (i j) 


CI OB 


0.0419 (15) 


A AT *70 /1 A \ 

0.0378 (14) 


A AC OA /I 

0.0580 (15) 


0.0063 (13) 


A AAA A / 1 /I \ 

0 .0094 (14) 


a aa*7z: /n\ 

-0.0076 (13) 


cub 


0.0378 (13) 


0.0297 (13) 


0.0489 (14) 


0.0034 (12) 


-0.0062 (12) 


-0.0042(11) 


C12B 


0.0501 (17) 


0.0502 (17) 


0.0520 (15) 


-0.0043 (16) 


-0.0040 (14) 


-0.0018(13) 


C13B 


0.067 (2) 


0.071 (2) 


0.0509 (16) 


0.000 (2) 


0.0056 (16) 


-0.0003 (16) 


CUB 


0.072 (2) 


0.074 (2) 


0.0472 (15) 


0.014 (2) 


-0.0115(17) 


-0.0101 (16) 


C15B 


0.0548 (18) 


0.0578 (19) 


0.0608 (17) 


0.0079(17) 


-0.0197(16) 


-0.0173(15) 



Geometric parameters (A, °) 



N1A — CIA 


1.352 (4) 


NIB — C1B 


1.348 (4) 


N1A — C2A 


1.358 (4) 


NIB — C2B 


1.360 (4) 


N1A — H1A 


0.80 (4) 


NIB — H1B 


0 92 (4) 


N2A — CIA 


1.324 (4) 


N2B — C1B 


1.326 (4) 


N2A — C3A 


1.359 (4) 


N2B — C3B 


1.366 (4) 


Ml A f^A A 

in jj\ — y^Hj\ 


1 .ZJ 1 J) 


IN JD \^^D 


1 .1 J3 ^4 ) 


N3A— C5A 


1.451 (4) 


N3B — C5B 


1.456 (4) 


CIA— C4A 


1.448 (4) 


C1B— C4B 


1.442 (4) 


C2A— C3A 


1.344 (4) 


C2B— C3B 


1.345 (4) 


C2A— H2A 


0.9300 


C2B— H2B 


0.9300 


C3A— H3A 


0.9300 


C3B— H3B 


0.9300 


C4A— H4A 


0.9300 


C4B— H4B 


0.9300 


C5A— C6A 


1.512(4) 


C5B— C6B 


1.510 (4) 


C5A— H5AA 


0.9700 


C5B— H5BA 


0.9700 


C5A— H5AB 


0.9700 


C5B— H5BB 


0.9700 


C6A — C7A 


1.502 (4) 


C6B— C7B 


1.492 (4) 


C6A— H6AA 


0.9700 


C6B— H6BA 


0.9700 


C6A— H6AB 


0.9700 


C6B— H6BB 


0.9700 


C7A— C8A 


1.328 (4) 


C7B— C8B 


1.336 (4) 


C7A— C11A 


1.466 (3) 


C7B— CUB 


1.473 (3) 


C8A— C9A 


1.500(4) 


C8B— C9B 


1.495 (4) 


C8A— H8A 


0.9300 


C8B— H8B 


0.9300 


C9A— CI OA 


1.492 (5) 


C9B— CI 0B 


1.491 (4) 


C9A— H9AA 


0.9700 


C9B— H9BA 


0.9700 


C9A— H9AB 


0.9700 


C9B— H9BB 


0.9700 


CI OA— C15A 


1.383 (4) 


C10B— C15B 


1.377 (4) 


C10A— C11A 


1.397 (4) 


C10B— CUB 


1.403 (4) 


C11A— C12A 


1.383 (4) 


CUB— C12B 


1.380(4) 


C12A— C13A 


1.377 (4) 


C12B— C13B 


1.379 (4) 


C12A— H12A 


0.9300 


C12B— H12B 


0.9300 
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C13A — C14A 


1.377 (5) 


C13A — H13A 


0.9300 


C14A — C15A 


1.375 (5) 


C14A — H14A 


0.9300 


C15A — H15A 


0.9300 


P 1 A M 1 A P^ A 

CIA — JN 1 A — C2A 


10/. 1 (3) 


P1 A Ml A XJ1 A 

CIA — JN 1 A — HI A 


no fi\ 
IZo (3) 


PI A XT 1 A TT 1 A 

C2A — JN 1 A — HI A 


124 (3) 


P1 A \n A PI A 

C 1 A — JN 2 A — C3 A 


lU4.y (3) 


P/1 A \T1 A PC A 

C4 A — JN 3 A — C J A 


I 1 "7 A 11 \ 

II /.4 (3) 


JN2A — CIA — JN 1A 


111 n \ 
lll.U (i) 


\n a n a p /i a 
JN 2 A — C 1 A — C4 A 


Tt A A /"3\ 

124.4 (i) 


mi a p 1 a p/i a 
JN 1A — CIA — C4A 


124. / (3) 


PI A PO A Ml A 

CI A — C2A — JN 1 A 


1UO.U (3) 


pq a pi a ul A 
C3A — C2A — H2A 


1 T7 a 
12 /.U 


Ml A PI A 111 A 

JN 1 A — C2A — H2A 


1 T7 a 
12 /.U 


p^ A P O A M^l A 

C2A — C3A — JN2A 


no.y (3) 


C2A — C3A — H3A 


1 1 A C 

124. J 


\n A A TJI A 

JN 2A — CI A — H3 A 


1 T A £ 

124. j 


Ml A rrt A P1 A 

JN 3 A — C4 A — C 1 A 


m A /Q \ 

123.U (3) 


Ml A P/1 A \J A A 

JN 3 A — C4 A — H4 A 


1 1 o c 
116.5 


P1 A P/1 A TJ/1 A 

CIA — C4A — H4A 


1 1 o c 
llo.D 


X n A PC A P/C A 

JN3A — C5A — Co A 


1 1 A H /">\ 

110.7 (2) 


Ml A PC A TJC A A 

JN 3 A — C J A — H5 AA 


1 aa £ 


P/; A PC A TJC A A 

CoA — C5A — H5AA 


1 An £ 

luy.j 


Ml A PC A TJC A r J 

JN 3 A — CjA — H5 AB 


1 An c 

luy.j 


p/: A PC A nr A I J 

CoA — C5A — H5AB 


1 An c 

luy.j 


TJC A A PC A TJC A T5 

H5AA — C5A — H5AB 


1 AO 1 

lUo.l 


f ' —> « p/; a pc a 
C / A — CoA — CD A 


11/11 

114.1 (2) 


p~7 a p/: a tj/: a a 
C / A — CoA — HoAA 


1 AO "7 

lUo. / 


pc a p/: a tj£ a a 
C5A — CoA — HoAA 


1 AO "7 
lUS. / 


A P/: A TJ/: A 13 

C / A — CoA — HoAB 


1 AO "7 

lUo. / 


PC A P/i a tj/: A D 

CjA — CoA — HoAB 


1 AO "7 

lUo. / 


TT/I A A P/C A TT/C A D 

HoAA — CoA — HoAB 


107.6 


PO A f~*H A r"ll A 

CoA — C / A — C 1 1 A 


1 ao /: 
lUo.O (i) 


PO A P"7 A P/: A 

C8A — C /A — CoA 


no n /i \ 
12o.y (3) 


pi 1 a p~7 a p/; a 
CI 1 A — C /A — CoA 


1 T1 C 

122. j (2) 


p^7 a po a pa a 

C / A — C8A — cyA 


111 C il \ 

111.5 (3) 


P^7 A PO A T_TO A 

C / A — C8A — HoA 


1 T A Q 

124.3 


PA A PO A T_TO A 

CVA — CoA — HoA 


1 T A Q 

124.3 


PIAA p/|A P O A 

C 1 OA — CyA — CoA 


102. / (3) 


pi/ia pnA un a a 
C 1 OA — CV A — Hy AA 


1111 
1 1 1 .2 


PO A f~*Ct A tja A A 

CoA — CyA — HyAA 


iii "t 
1 1 1 .2 


P 1 n A PA A TTA A I") 

C 1 OA — CyA — H9 AB 


1111 
1 1 1. 2 


C8A— C9A— H9AB 


Hl.2 


H9AA— C9A— H9AB 


109.1 


C15A— C10A— C11A 


119.8(3) 


C 1 5 A — C 1 OA — C9A 


131.7 (3) 


C11A — C10A — C9A 


108.5 (2) 



C13B — C14B 


1.371 (5) 


C13B — H13B 


0.9300 


C14B — C15B 


1.382 (5) 


C14B — H14B 


0.9300 


C15B — H15B 


0.9300 


pin "NT1 D POD 


1 A"7 A /1\ 

1U/.4 (i) 


Pin Ml D TT1 D 


1 TO 

12o (2) 


/ • ~> D \ti n nil) 

C2B — JN 1 B — hi 1 B 


125 (2) 


\HD pin 

C IB — JN 2B — C3B 


1 AC A f1\ 

1U5.4 (i) 


/ • ,i T) xTTn prn 

C4B — JN 3B — C DB 


1 1 O A 

llo.U (i) 


\nn pin \ti n 

JNZB — C1B — JN IB 


11U.0 (i) 


\nD pii d ( " 1 1) 
JN ZB — C 1 B — C4B 


125.1 (i) 


JN 1 B — C 1 B — C4B 


ni i /q \ 
124.2 (i) 


PI 13 PTT3 MID 

C3B — CzB — JN IB 


1 a/; A /l\ 
IUO.4 (i) 


pud PTT5 inn 
C3B — CzB — hlZB 


1 1/: o 
120.0 


"\T1 D P")D HOD 

JN IB — CzB — hlZB 


1 O 

12o.o 


PTT3 P1T5 \T1D 

CzB — C3B — JNZB 


1 1 A 1 

110.1 (3) 


PTT5 P1T3 IJID 

CzB — C3B — hl3B 


1 1 a n 
124.y 


"\TTT5 PTD I n D 

JNZB — C3B — hl3B 


1 T/i n 
124. y 


JN 3B — C4B — C 1 B 


1 T] A ^1 \ 

123. U (3) 


\TTn ( • ,1 1) tt /i n 

JN 3B — C4B — hl4B 


1 1 o c 

118.5 


pin { • ,1 1) 1 1 ,1 T) 

C1B — C4B — hl4B 


1 1 o c 

118.5 


TvTT n pen p/rn 

N 3B — C5B — CoB 


111 A A"? 1 * 

111.4 (3) 


M1T3 / ■ c ID | | C D A 

JN 3B — C5B — H5BA 


1 AA /I 

iuy.4 


CoB — C5B — H5BA 


1 An /i 

iuy.4 


M1T3 rCD T_TCTJ)T3 

JN 3B — C5B — H5BB 


1 AA A 

iuy.4 


CoB — C5B — H5BB 


1 A A A 

iuy.4 


| |r n a / ■ c T"J T_TCTJ)T3 

H5BA — C5B — H5BB 


1 AO A 

lUo.U 


C /B — CoB — C5B 


1 1 1 1 (1\ 

113.3 (3) 


/ -713 ft/n 1 1/- o A 

C /B — CoB — HoBA 


1 AO A 

luo.y 


/ - c r J / ■/■ 1} | |/ n a 
C5B — CoB — HoBA 


1 AO A 

luo.y 


/ ' ^ I 1 / V. 1 1 1 1 /. 1 1 1 1 

C ID — CoB — HoBB 


1 AO A 

luo.y 


/ ■ c 1 1 / V. 1 1 1 1 /. 1 1 1 1 

C5B — CoB — HoBB 


1 AO A 

luo.y 


I I /■ Tj a / ■ /■ l"j T_T/;TJ)T3 

HoBA — CoB — HoBB 


1 A"7 1 

10/. / 


CoB — C ID — C 1 1 B 


1 AO 1 

lUo.2 (2) 


/ '.'I) / ' ^ I 1 / V. 1 1 

CoB — C ID — CoB 


no (i /i\ 
12o.y (2) 


1 1 TD / "ll'i / ■ /; II 

C 1 1 B — C /B — CoB 


1 n 
122.y (2) 


no / '.'ii pud 
C /B — CoB — C9B 


1 1 "1 A 

112.U (3) 


i '^ii i '.'ii 1 1 . ' 1 1 
C ID — CoB — HoB 


1 T/1 A 

124.U 


i 'iiii / '.'ii 1 1 . ' 1 1 
CyB — CoB — HoB 


1 "1 A A 

124.U 


C10B — CyB — CoB 


1U2.0 (2) 


/ - 1 AO / (11) I id I) a 

C 1 OB — cyB — Hy B A 


111 T 

1 1 1.2 


/ - [| O / '(11") I I ( 1 1") A 

CoB — CyB — HyBA 


111 T 

1 1 1.2 


p| (ID PAD TTAT5T5 

C10B — CyB — HyBB 


111.2 


C8B— C9B— H9BB 


111.2 


H9BA — C9B — H9BB 


109.2 


C15B— C10B— CUB 


120.1 (3) 


C15B— C10B— C9B 


131.0 (3) 


CUB— CI 0B— C9B 


108.9 (2) 
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C12A— C11A— C10A 
C12A — C11A — C7A 
ClOA — C11A — C7A 
C13A— C12A— C11A 
C13A— C12A— H12A 
C11A— C12A— H12A 
C14A— C13A— C12A 
C14A— C13A— H13A 
C12A— C13A— H13A 
CI 5 A— C14A— C13A 
CI 5 A— C14A— H14A 
C13A— C14A— H14A 
C14A— C15A— ClOA 
C14A— C15A— HI 5 A 
ClOA— C15A— HI 5 A 
C3A— N2A— CIA— N1A 
C3 A— N2 A— C 1 A— C4 A 
C2 A— N 1 A— C 1 A— N2 A 
C2 A— N 1 A— C 1 A— C4 A 
C 1 A— N 1 A— C2 A— C3 A 
N 1 A— C2A— C3 A— N2A 
CIA— N2A— C3A— C2A 
C5 A— N3 A— C4 A— C 1 A 
N2A— C 1 A— C4 A— N3 A 
N1A— CIA— C4A— N3A 
C4A— N3A— C5A— C6A 
N3A— C5A— C6A— C7A 
C5A— C6A— C7A— C8A 
C5 A— C6A— C7A— C 1 1 A 
CI 1 A— C7A— C8A— C9A 
C6A— C7A— C8A— C9A 
C7 A— C8 A— C9 A— C 1 OA 
C8 A— C9 A— C 1 0 A— C 1 5 A 
C8 A— C9 A— C 1 0 A— C 1 1 A 
C 1 5 A— C 1 0 A— C 1 1 A— C 1 2 A 
C9 A— C 1 0 A— C 1 1 A— C 1 2 A 
C 1 5 A— C 1 0 A— C 1 1 A— C7 A 
C9 A— C 1 OA— C 1 1 A— C7 A 
C8 A— C 7 A— C 1 1 A— C 1 2 A 
C6 A— C 7 A— C 1 1 A— C 1 2 A 
C8 A— C7 A— C 1 1 A— C 1 OA 
C6 A— C7 A— C 1 1 A— C 1 OA 
C 1 0 A— C 1 1 A— C 1 2 A— C 1 3 A 
C7 A— C 1 1 A— C 1 2 A— C 1 3 A 
C 1 1 A— C 1 2 A— C 1 3 A— C 1 4 A 
C 1 2 A— C 1 3 A— C 1 4 A— C 1 5 A 
C 1 3 A— C 1 4 A— C 1 5 A— C 1 OA 
C 1 1 A— C 1 0 A— C 1 5 A— C 1 4 A 
C9 A— C 1 OA— C 1 5 A— C 1 4A 



1 in c /i\ 
1ZU.3 (Z) 


/"MID PI in P 1 Pi D 

C 1 ZB — C 1 1 B — C 1 UB 


1 in 1 /i\ 
1ZU.1 (Z) 


1 1 f\ O (1 \ 

13U.O (3) 


C 1 ZB — C 1 1 B — C / B 


111 C (1 \ 

131.0 (3) 


mo /: /i\ 
lUo.o \l) 


( • i r\r> n id nD 
C 1 UB — C 1 1 B — C / B 


1 no i /i\ 
1U5.3 {I) 


ny.z (3) 


PiiD pnD n id 
C 1 3B — C 1 Id — C 1 1 B 


1 1 O O 

llo.o (3) 


1ZU.4 


pilD pnD TJ11D 

C 1 3B — C 1 ZB — hi 1 Id 


1 in c 
1ZU.0 


1ZU.4 


PI ID n ID TJ11D 

CI 1 B — C 1 Id — hi 1 Id 


1 in ^ 
1ZU.0 


1 in i (i\ 
YlO.l (3) 


( • l ,| D pnD rno 

C 1 4B — C 1 3B — C 1 ZB 


111 C /"3\ 

lzl.3 (3) 


1 1 Q Q 


pi/in PHD II 1 1 D 

C14B — C13B — ri!3B 


i in 1 

i iy.3 


1 1 n n 

ny.y 


P11D PUD TJl ID 

ClzB — C13B — hU3r> 


1 1 n i 

i iy.3 




C\ ^R C\ 4R P1 SR 




119.3 


C13B — C14B — H14B 


119.9 


119.3 


C15B — C14B — H14B 


119.9 


118.9 (3) 


C10B — C15B — C14B 


119.4 (3) 


120.5 


C10B — C15B — H15B 


120.3 


120.5 


C14B — C15B — H15B 


120.3 


-0.4 (3) 


P1D MID PID \T|D 

C3B — JNZB — C1B — JN IB 


n a /i\ 
-0.4 (3) 


1 *7n c (i \ 
1 /y.3 (3) 


pin MID P1D ( " 1 I) 

C3B — JNZB — C1B — C4B 


1 *70 n 
-1 /o.y (3) 


U.3 (3) 


PID M1D PID MID 

CzB — JN 1 B — C 1 B — JN Id 


n i 

0.2 (3) 


1 *7n & ti\ 
— 1 fy.O (3) 


p-)D M1D PI T) P/1D 

CzB — JN 1 B — C 1 B — C4B 


1 *70 O 

1 /o.o (3) 


n 1 si\ 
-0.1 (3) 


PID M1D PID piD 

C1B — JN IB — CzB — C3B 


n n 

U.U (3) 


n i (i \ 

-0.2 (3) 


M1D PID PID MID 

JN IB — CzB — C3B — JNZB 


n i 

-0.2 (3) 


n a a\ 

0.4 (3) 


PID MID PID PID 

C1B — JNZB — C3B — CzB 


0.4 (3) 


1 7Q 1 /1\ 

— i /y.3 \i ) 


pen MID r/ID PI o 

C3B — JN 3B — C4B — C 1 B 


1 7Q 1 f1\ 

— L /o. 1 (3J 


1 "71 1 /I \ 

— 1 11. I (3) 


MID PID ( " 1 D MID 

JN ZB — C 1 B — C4B — JN 3B 


1 HA 1 

-1/4.1 (3) 


7.3 (4) 


M1D PID p ,| D MID 

JN 1 B — C 1 B — C4B — JN 3B 


1 Z f A\ 

7.5 (4) 


— 111.3 (3) 


( • | D MID PCI) P/CD 

C4B — JN 3B — C3B — CoB 


1111 

— 11Z.1 (3) 


— 1 /3.3 (3 J 


MID PCD p /C I) P*7D 

JN3B — C3B — CoB — C /B 


— 1 /3.0 (3 J 


4.2 (5) 


PCD p'/: n P*7D POD 

C3B — CoB — C /B — CoB 


9.4 (5) 


— 1 /0.3 (3 J 


PCI) p /C O PTD PI 1D 

C3B — CoB — C /B — CI IB 


1 *7n n fi\ 

—i /u.y (3 J 


-1.6 (3) 


PI ID P*7D PPD PUD 

C 1 1 B — C / B — CoB — CyB 


-0.4 (3) 


1 / /.O (3 J 


p/,D P7D pod pqd 

CoB — C /B — tots — CyB 


1 "7Q 1 f1\ 

i /y.3 (3 j 


1 1 /"3\ 

2.2 (3) 


p -7 1) POD pni) piftD 

C /B — CoB — CyB — C1UB 


U.3 (3) 


1 /o.U (3) 


/'ii i» pnn p|/|D p| CD 

CoB — CyB — C 1 UB — C 1 3B 


1 n o (i \ 
1 / /.o (3) 


-2.0 (3) 


p OD PHD P 1 Pi I) P 1 1 D 

CoB — CyB — C 1 UB — C 1 1 B 


-0.3 (3) 


1 A (A \ 

-1.4(4) 


PKD P 1 Pi ID p| ID p| ID 

C 1 3B — C 1 UB — C 1 1 B — C 1 Id 


U.4 (4) 


1 /O.O \5) 


PflD ( " 1 Pi I) P 1 1 D PI ID 

CyB — C 1 UB — C 1 1 B — C 1 ZB 


1 io O (1 \ 

1 /o.o (3) 


— 1 /o.o (3) 


PKD pmD pi ID pHD 

C 1 3B — C 1 UB — C 1 1 B — C / B 


1 *70 1 S1\ 

-1 /o.3 (3) 


1 1 /"3\ 

1.2 (3) 


pnD P 1 AD P 1 1 D PTD 

CyB — C 1 UB — C 1 1 B — C / B 


n 1 

0.1 (3) 


— 1 /O.O (3) 


POD P*7D PI ID P11D 

CoB — C / B — C 1 1 B — C 1 Id 


1 *70 1 /"3\ 

-1 /o.Z (3) 


3.8 (5) 


p/rn P*7D P11D P11D 

CoB — C / B — C 1 1 B — C 1 ZB 


i n 

2.0 (5) 


n i 

0.2 (3) 


POD P*7D P 1 1 D P 1 Pi I) 

CoB — C /B — C 1 1 B — C 1UB 


n i 

0.2 (3) 


1 *7n i (i\ 

— 1 /y.z (3) 


p/rn P*7D P 1 1 D P 1 Pi I) 

CoB — C / B — C 1 1 B — C 1 UB 


1 *7n fi\ 
-1 /y.o (3) 


1 1 Z/IA 

1.2 (4) 


p 1 nD pi id piid pnn 
C 1 UB — C 1 1 B — C 1 ZB — C 1 3B 


n 1 s a\ 

-0.1 (4) 


1 "7*7 n \ 

177.9 (3) 


p^n P11D P11D P11D 

C /B — C 1 1 B — C 1 2B — C 1 3B 


1 *70 1 \ 

178.1 (3) 


-0.9 (5) 


CUB — C12B — C13B — C14B 


-0.1 (5) 


0.9 (5) 


C 1 2B— C 1 3B— C 1 4B— C 1 5B 


0.1 (5) 


-1.1(5) 


CUB— C10B— C15B— C14B 


-0.4 (4) 


1.3 (5) 


C9B— C 1 0B— C 1 5B— C 1 4B 


-178.3 (3) 


-178.7 (3) 


C13B— C14B— C15B— C10B 


0.1 (5) 
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Hydrogen-bond geometry (A, °) 

D—H-A 

N1A— H1A-N2B 

NIB— H1B-N2A' 

Symmetry codes: (i) x-l,y+l,z. 



D — H H-A 
0.80(4) 2.16(4) 
0.92(4) 2.10(4) 



D-A D—H-A 
2.935 (4) 162 (4) 

3.006 (4) 170 (3) 
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